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Department of Pathology, Royal College of Su.rgeon.s of England, London., U.K. 
An assessment of T-lymphocyte proliferation and 
lymph node weight is proposed as a predictive test for 
contact sensitizers of industrial origin. Data are pre-
sented showing increased T-lymphocyte proliferation 
following epicutaneous application of a variety of indus-
trially important acrylate-like chemicals which appear 
to correlate well with their ability to sensitize in the 
guinea pig. These data were compared with those ob-
tained after application of 2,4-dinitro-1-fluorobenzene 
(DNFB) a strong sensitizer, and 2,4-dinitrothiocy-
anatebenzene (DNTB) a nonsensitizer when given epi-
cutaneously. It is suggested that this quantitative ap-
proach, in parallel with a simple one-dose immunization, 
may provide a better picture of sensitization potential 
than the longer multidose immunizations currently in 
use. 
Contact sensitivity in industry is the single greatest reason 
for certified incapacity to work in the U.K. [1]. One of the most 
important groups of sensitizers is the acrylate compounds 
which are widely used in adhesive and printing works. Many 
cases have been reported of contact dermatitis in workers with 
acrylates, who have shown positive skin test reactions to mon-
omers of methyl methacrylate [2] or triacrylates such as tri-
methylolpropane triacrylate [3]. Treatment of these cases is 
largely palliative; a more effective way of tackling the problem 
is further predictive tests for the sensitization capacity of the 
chemicals before workers are exposed. In animal models one 
such predictive test might be the study of changes induced in 
lymphoid tissue by the potential sensitizer. 
Increased lymphocyte proliferation in the paracortical areas 
of guinea pig lymph nodes draining the site of application of a 
contact sensitizer has been described in detail using autoradi-
ography ( 4] and in the thymus-dependent areas of mouse lymph 
nodes using histologic techn iques [5]. Since then many workers 
Manuscript rece ived March 18, 1985; accepted for publication June 
3, 1985. 
This work was supported by The Science and Engineering Research 
Council , Beecham Pharmaceutica ls Research Division, and The Lev-
erhulme Trust .. 
Reprint requests to: Darien Parker, Ph.D. , Department of Pathology, 
Royal College of Surgeons, 35-43 Lincoln 's Inn Fields, London WC2A 
3PN, U.K. 
Abbreviations: 
CLA: contralateral auricu lar 
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FCA: Freund's complete adjuvant 
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4VP: 4-vinyl pyridine 
JUDR: iododeoxyuridine 
LPC: large pyroninophilic cells 
MeAc: methyl acrylate 
MeMeAc: methyl methacryla te 
MVK: methyl vinyl ketone 
PETA: pentaerythri tol t riacryla te 
TMPTA: trimethylopropane triacrylate 
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have shown that epicutaneous application of chemicals induc-
ing contact reactions in both mice (6] and guinea pigs [7] also 
induces T-lymphocyte proliferation in draining lymph nodes. 
In the mouse, lymph node cell proliferation has often been 
used as a measure of an immunologic response with a variety 
of immunogens and techniques. In 1973 Asherson and Barnes 
(8) found increased in vivo uptake of [125I]iododeoxyuridine 
[ 125IUDR] in lymphoid tissue following exposure to picrylating 
agents, using the method of Hughes et al [9] to measure DNA 
metabolism. Phanuphak, Moorhead, and Claman [10] demon-
strated in vitro increases in DNA synthesis measured by uptake 
of (3H]thymidine after in vivo induction of sensitivity or tol-
erance to dinitrofluorobenzene. Sommer, Parker, and Turk (ll] 
also investigated the immunologic events accompanying dini-
trophenyl compound applicat ion, using 125IUDR uptake. Much 
of the work done on mice and guinea pigs has been reviewed 
by Polak [12] . 
The aim of this study was to determine whether lymph node 
cell proliferation does indeed correlate with the induction of a 
positive immunologic response in the guinea pig. A number of 
acrylate and acrylate-like chemicals of indust rial importance 
with different capacities to induce contact sensitivity were 
applied to the dorsum of the animal's ear and the local lymph 
nodes examined histologically. The results obtained were com-
pared with the ability of these compounds to sensitize and with 
equivalent data obtained with dinitrophenyl compounds. Using 
this system it may be possible to predict the sensitization 
potential of a variety of compounds. 
MATERIALS AND METHODS 
Animals 
Outbred Hartley strain guinea pigs of either sex, weighing 300-450 
g were used. The animals were from stocks bred either at the Royal 
College of Surgeons or from David Hall, Newchurch, Staffordshire. 
They were fed on Labsure RGP diet (F. Dixon and Sons, Ware, 
Hertfordshire) , liberally supplemented with cabbage and hay. They 
were housed in groups of 5 animals in an environmentally controlled 
room. 
ChemicaL~ 
Methyl acrylate (MeAc), methyl methacrylate (MeMeAc) , acryla-
mide and 2,4-dinitro-1-fluorobenzene (DNFB) were purchased from 
BDH Chemicals Ltd., Poole, Dorset. Methyl vinyl ketone (MVK) was 
purchased from Fluka AG, Germany and 4-vinyl pyridine (4VP) from 
Aldrich Chemical Co. Ltd., Gillingham, Dorset. Pentaerythritol tria-
crylate (PETA) was manufactured by Lankro Chemicals, Manchester 
and kindly donated by Dr. R. J. G. Rycroft (St. John's Hospital for 
Diseases of the Sk in, London). Trimethylolpropane triacrylate 
(TMPTA) was kindly donated by Ancomer Ltd. , Manchester. 2,4-
dini trothiocyanatebenzene (DNTB) was purchased from ICN Phar-
maceuticals Inc. , Plainview, New York. 
I mnw.nization 
Guinea pigs were immunized as described previously [13] using the 
Polak method. The animals were injected s.c. into the 4 footpads with 
0.1 ml of an emulsion containing MeAc, MVK, 4VP, acrylam ide, 
MeMeAc, TMPTA, or PETA in ethanol:saline (1:4) in Freund's com-
plete adjuvant (FCA, Difco, Mycobacterium bu.t::yricu.m) . In addition, 
0.1 ml of the emulsion was injected into the nape of the neck. The 
animals received a total of approximately 11.5 !Lmol of the chemical. 
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Shin Test~ 
One a nd two weeks afte r induction, open epicuta neous skin tests 
were performed by dropping 0.02 ml of a solut ion of t he chemical in 
acetone:olive oil (4:1) onto the shaved fl ank. The concentrat ions used 
were the maximum giving no nonspecific irritancy, plus one dilution of 
th is concentration. For most of the acrylate- like chemicals the skin 
test concentrations were 1% and 5% w/v. TMPTA was used at 0.25% 
and 0.5% and PETA at 0.1% a nd 0.25 %. 
Assessment of Shin Test Reactions 
Skin reactions were read at 24, 48, 72, a nd 96 h a fter skin testing, 
by visually assess ing the degree of erythema and induration in the skin 
test sites. The reactions were graded as follows: 3, red and elevated; 
2.5, red but not elevated; 2, da rk pink; 1.5, pink; 1, one large pink spot; 
0.5, many faint pink spots; 0, no change [1.3,14] . The readings from 5 
animals were averaged for each skin test concentration. 
Epicutan.eous Application of the Chemicals 
One molar solutions of MeAc, MVK, 4VP, ac rylamide, MeMeAc, 
TMPTA, a nd PETA were made up freshly in acetone:olive oil (1:1). 
Fifty microliters (containing 50 I.Lmol of chemical ) of these solutions 
was applied to the dorsal surface of the right ear. Contact sensit ivi ty 
to DNFB was induced by droppin g 50 J.L l of a 10% solut ion of DNFB 
in acetone:olive oil (1 :1) onto the dorsum of the right ear. DNTB was 
made up as a 2% solut ion in acetone, of which 100 J.Ll was applied to 
t he dorsal side of the right ear. 
Lymph Node Histology 
Draining (homolateral) auricula r (HLA), cont ralateral au ricular 
(CLA), homolateral cervical (HLC), and contralate ral cervical (CLC) 
lymph nodes were taken 4 or 6 days afte r t he epicutaneous application 
of the chem ical to the ear as above. After weighing, t he nodes were 
fix ed in Carnoy's solut ion, sectioned at 5 J.Lm, a nd stained with pyronin 
methyl green. The sections were examined for T -lymphocyte prolifer-
ation by counting the number of large pyroninophilic cells (LPC) in 
t he a rea of maximal proliferation in the pa racortex, in a microscopic 
fi eld of 270 I.Lm diameter. Lymph nodes from 5 a nimals per group were 
examined. 
Statistics 
Probability values were assessed by the Student's t-test . 
RESULTS 
Induction of Contact Sensitivity 
Immunization with FCA: Table I shows that 4VP induced 
the strongest contact skin reactions at days 7 and 14 after 
immunization in FCA. The monacrylates MeAc and MVK and 
the 2 triacrylates, TMPT A and PET A, also induced very good 
skin reactions, while acrylamide produced only a very weak 
reaction. It was not possible to induce contact reactions with 
MeMeAc 7 or 14 days after immunization. 
By epicutaneous application: The contact skin reactions in-
duced by painting 50 I.Lmol of each chemical on the guinea pig 
ear are shown in Table II. None of the compounds induced 
TABLE l. Mean shin. test reactivity in guinea pigs immunized with 
acl)•late compounds in FCA 
7 Days 14 Days 
Chemical 24 Hours 48 Hours 24 Hours 48 Hours 
---
1% 5% 1% 5% 1% 5% 1% 5% 
Methyl ac rylate 0.4 2.0 0.8 2.0 0.7 2.2 1.1 2.2 
Methyl vinyl ketone 0.5 1.6 0.6 1.7 0.5 1.8 0.5 1.3 
· 4-Vinyl pyridine 1.7 2.1 2.0 2.3 1.8 2.8 1.9 2.5 
Acrylamide 0 0 0.1 0.4 0.1 0.2 0 0.3 
Methyl methacrylate 0 0 0 0 0 0 0 0 
TMPTA" 0.7 0.9 1.5 1.6 1.3 1.9 1.4 1.9 
PETAb 0.2 0.5 0.8 1.5 0.8 1.3 1.2 2.1 
• Skin tested with 0.25 and 0.5% t rimethylolpropane triacrylate 
(TMPTA) in acetone:olive oil (4:1). 
b Skin tested with 0.1 and 0.25% pentaerythritol t riacrylate (PETA) 
in acetone:olive oil (4:1). 
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good sensitivity apart from 4VP. Epicutaneous application of 
acrylamide or MeMeAc produced no evidence of sensitization 
at 7 or 14 days. 
T -Lymphocyte Proliferation Following Epicutaneous 
Application 
Four days after the epicutaneous application of 50 J.Lmol of 
chemical to the right ear, there was a significant increase in 
weight in the HLA lymph node of animals treated with MVK 
4VP, TMPTA, and PETA. PETA also induced an increase i~ 
weight of both the cervical nodes. None of the other cervical or 
CLA nodes showed weight changes (data not shown). There 
was evidence of increased T -lymphocyte proliferation, as meas-
ured by an increase in numbers of LPC, in the paracortical 
areas of these lymph nodes, which paralleled these weight 
changes (Table III). In addition, increases in LPC numbers 
were seen in the HLC and CLC nodes of animals treated with 
MeAc, MVK, 4 VP, and TMPT A. CLA nodes showed no change 
in LPC numbers (data not shown). 
Six days after application, the weights of the HLA nodes of 
animals treated with TMPT A or PET A were still significantly 
higher than control values . The weights of all the other nodes 
were similar to the nodes of control untreated animals (data 
not shown). The number of LPC in the HLA nodes of animals 
treated with MeAc, 4VP, TMPTA, and PETA were signifi-
cantly higher than control values (Table IV). Also there was 
an increase in LPC in the HLC nodes of MeAc animals, though 
no weight increases were seen in these nodes. The number of 
LPC in the CLA and CLC nodes was similar to control values 
(data not shown) . 
Table V shows a simplified summary of the information in 
Tables I- IV. An analysis of the results has been performed on 
the basis of intensity of skin test reactions at 7 and 14 days, 
and the changes in lymph nodes at 4 and 6 days. The analysis 
TABLE II. M ean shin test react£vity in guinea pigs sen.5itized 
epicutaneously with 50 J.LTnOl of acrylate compounds 
7 Days 14 Days 
Chemicals 24 Hours 48 hours 24 Hours 48 Hours 
1% 5% 1% 5% 1% 5% 1% 5% 
Methyl ac rylate 0.1 0.1 0.1 0.1 0.2 0.1 0.2 
Methyl vinyl ketone 0.1 0.2 0.1 0.1 0.2 0.3 0.3 0.4 
4-Vinyl pyridine 0.5 0.8 0.3 0.4 0.6 0.9 0.6 0.7 
Acrylamide 
Met hyl methacrylate 
TMPTA" 0.1 0.1 0.1 0.1 0.1 0.3 
PET A'' 0.1 0.1 0.1 0.2 0.1 0.2 0.2 0.2 
"Skin tested with 0.25 and 0.5 % t rimethylolpropane triacrylate 
(TMPTA) in acetone:olive oil (4:1) . 
• b Skin tested with 0.1 and 0.25% pentaerythri tol triacrylate (PETA) 
m acetone:olive oil (4:1). 
TABLE III. Changes in numbers of large pyroninophilic celL~ (LPC) in 
lymph nodes 4 days after epicutaneou.s application of 50 J.Lmol of the 
chemicaL~ 
No. of LPC per microscopic field of 270 ,..m 
diameter (Mean ± SO) 
Chemicals 
Met hyl acrylate 
Methyl vinyl ketone 
4-Vinyl pyridine 
Acrylamide 
Methyl methacrylate 
TMPTA 
PETA 
Auricular 
Homolateral 
15 ± 2 
16 ± 5 
34 ± 4" 
39 ± 12" 
14 ± 4 
14 ± 1 
40 ± 4" 
39 ± 4" 
" p < 0.001 compared to control values. 
b p < 0.02 compared to control values. 
Cervical 
Homolateral Contralateral 
22 ± 5 22 ± 5 
33 ± 8" 31 ± 8b 
33 ± 2" 29 ± 4b 
41 ± 6" 39 ± 4" 
23 ± 6 21 ± 3 
21 ± 4 20 ± 4 
41 ± 6" 42 ± 11" 
42 ± 12" 37 ± 9" 
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TABLE IV. Changes in numbers of large pyroninophilic cells (LPC) in 
lymph nodes 6 days after epicutaneous application of 50 11mol of the 
chemica/;; 
Chemicals 
No. of LPC per microscopic 
tield of 270 I'm diameter 
(mean± SD) 
Methyl acrylate 
Methy l vinyl ketone 
4-Vinyl pyridine 
Acrylamide 
Methyl methacry late 
TMPTA 
PETA 
Homolateral 
auricular 
15 ± 2 
24 ± 5" 
16 ± 4 
21 ± 6b 
15 ± 4 
15 ± 2 
28 ± 8" 
26 ± 7" 
"p < 0.001 compared to con trol va lues. 
b p < 0.01 compared to con t rol values. 
< p < 0.02 compared to con t ro l va lues. 
Homolate ral 
cervical 
22 ± 5 
31 ± 8< 
19 ± 4 
23 ± 8 
23 ± 3 
19 ± 5 
20 ± 3 
24 ± 9 
TABLE V. Correlation between ly mph node data and sensitization 
potential of the acrylate compounds 
Sensitization potential predicted by: 
Chemicals Ep
icutaneous application 
Methyl acry late 
M ethyl vinyl ketone 
4-Vinyl pyridine 
Acrylamide 
Methyl methacry late 
TMPTA 
PETA 
Key: - = Nonsensiti zer. 
Immunization 
with F'CA 
+++ 
++ 
+++ 
+ 
+++ 
+++ 
+ = Wea k poten t ia l sens it izer. 
++ = Medium potential sensitizer. 
+++ =Strong poten t ia l sensit izer. 
Skin test Lymph node 
scores da ta 
+ ++ 
+ +++ 
++ +++ 
+ +++ 
+ +++ 
TABLE VI. Changes in the numbers of large pyroninophilic cells (LPC) 
in lymph nodes after epicutaneous application of DNFB and DNTB 
NO. of LPC per microscopic field of 270 I'm per diameter 
(mean± SO) 
Chemical 
DNFB 
DNTB 
DNFB 
DNTB 
Auricular 
Homolate ral Contralll teral 
15 ± 2 15 ± 2 
4 day 
74 ± 15" 13 ± 3 
13 ± 2 14 ± 4 
6Day 
31 ± 3b 13 ± 3 
14 ± 4 23 ± 5" 
• p < 0.001 compared to con t rol va lues. 
b p < 0.01 compa red to control va lues. 
Cervical 
Homolateral Contra lateral 
22 ± 5 22 ± 5 
49 ± 11" 32 ± 7b 
21 ± 5 20 ± 5 
22 ± 4 19 ± 4 
31 ± 4b 25 ± 6 
shows there is good correlation between contact reactions elic-
ited after immunizat ion using FCA and increases in lymph 
node weights a nd T-lymphocyte proliferation, a lthough acryl-
a mide did show weak sensit ization with no changes in lymph 
nodes examined. The results from skin testing after epicuta-
neous application are not as closely correlated with lymph node 
data, which may reflect the weak reactions seen following 
topical application. 
For comparison purposes, data are shown for animals given 
a n epicutaneous sensit izing dose ofDNFB, and a nonsensitizing 
dose of DNTB (Table VI). Four days postapplication, t here 
was a significant weight increase in HLA nodes of DNFB-
treated animals (data not shown) , with an accompanying in-
crease in the number of LPC. There were also increases in t he 
number of LPC in both the HLC and CLC nodes. Animals 
t reated with DNTB showed no changes in either lymph node 
weight or LPC numbers at day 4. Two days later, the HLA, 
HLC, and CLC nodes of DNFB-treated animals all showed 
significant ly elevated weights (data not shown), and the HLA 
nodes of t hese animals had fewe r LPC than at day 4, but the 
numbers were still significantly higher than the control values. 
No difference in LPC number was found in t he other nodes. 
By day 6 CLA nodes from DNTB-treated animals showed a 
significant increase in weight over control values, and a small 
but not significant increase in HLC node weight (data not 
shown) . The number of LPC in both t he CLA and HLC nodes 
of these DNTB-treated animals were significantly increased at 
this t ime. 
DISCUSSION 
Many attempts have been made to find a reliable animal 
model for predicting t he sensitization capacity of chemicals. 
Magnusson and Kligman [15] in their monograph on guinea 
pig sensitization proposed the now widely used Guinea Pig 
Maximization Test. Other tests which have been developed 
include the Buehler Test [16] , the Draize Test [17,18], the 
Modified Draize or Optimization Test [19] , the Freund's Com-
plete Adjuvant Test [20], the Split Adjuvant T est [21] and the 
Open Epicutaneous Test [20]. Comparisons between these tests 
frequent ly have been made [20,22-24). 
This investigation involved histologic examination of lymph 
nodes. Advantages of the method are that it uses a single 
epicutaneous application of chemical. The subjective skin test 
readings, often crit icized in tests such as those mentioned 
above, are avoided. Instead, objective, quantitative data can be 
generated rapidly (within 10 days of the initial sensitization 
allowing for processing of the nodes). 
Changes in lymph node weight and cell proliferation show 
good correlation with the sensitization potential of the chemi-
cals when given in FCA. Examination of the lymph node data 
after application of DNFB and DNTB shows that a strong 
sensitizer (DNFB) induced changes in the numbers of LPC 
which peaked at day 4, and were returning to control values by 
day 6. In comparison, DNTB (a nonsensitizer when applied in 
this way) did not induce changes in LPC numbers at day 4, but 
by day 6 significant increases had occurred. 
These results emphasize the importance of examining lymph 
nodes at 4 and 6 days after app lication of the chemical. In this 
case, examinat ion at 4 days would have suggested only that 
DNTB was an "inert" chemical, whereas it is known that 
DNTB applied in t his way can act as a tolerizer to DNFB 
sensitization [11] . MeAc, which strongly sensitized after im-
munization in FCA, did not induce changes in lymph nodes 
after epicutaneous application of the same magnitude as the 
other sensitizing chemicals (Table V). In addition, the peak 
increase in LPC numbers in the HLA nodes was at 4 days with 
all of the sensit izing acrylates except MeAc, which induced 
peak changes at day 6. This may be a reflection of different 
rates of penetration through the skin after epicutaneous appli-
cation; however, there are no data concerning the penetration 
characteristics of acrylates, although the question is under 
consideration. 
It is important not to draw conclusions on the basis of one 
set of data alone. For this reason, we suggest that the lymph 
node assay described should be used to complement a test such 
as the simple one-dose immunization used here. The lymph 
node assay shows the process of sensitization as it occurs after 
epicutaneous application, a route which induces weak contact 
reactions in the guinea pig. In common with other tests [15,24) 
there may be chemicals which are not detected as potential 
sensitizers by this method, for example, MeMeAc, which has 
been shown to induce positive skin tests in humans, [2,25) 
though not to induce sensit ivity, does not behave like a sensi-
tizer in this assay. In order fully to evaluate the usefulness of 
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t he method described it is des irable t hat m o re compounds be 
scree ned in the same way t hat t he acry late- like c h emicals have 
been he re. 
We wish to thank Mr. D. Baker for his help wit h the immunizations 
and sensit izations, a nd Miss M. J acques for her excellent technical 
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